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Translation control is a prevalent form of gene expression regulation in developmental and stem cell biology.
A recent paper by Signer et al. (2014) measures protein synthesis in the mouse hematopoietic compartment
and reveals the importance of diminished protein production for maintaining hematopoietic stem cell func-
tion and restraining oncogenic potential.Translation control has long been known
to serve as a major control point for
gene regulation, not merely as an addi-
tional layer where ‘‘fine-tuning’’ occurs,
but critical in directing key cellular pro-
cesses central to stem cell biology
(Thompson et al., 2007). This mode of
gene regulation is likely to be of para-
mount importance in both germline and
somatic stem cells that require tight con-
trol of gene expression to prevent unsolic-
ited cell fate commitment. Linking the
amount of protein synthesis to mRNA
quality and translational accessibility in
the cytoplasm provides unique advan-
tages to long-lived, multipotent cells.
Consistently, translational control has
been shown to be important for the prolif-
eration, growth, and differentiation of a
diverse array of stem cells, such as
Drosophila (Insco et al., 2012; Zhang
et al., 2014) and C. elegans germ cells
(Thompson et al., 2007) and mouse
embryonic stem cells (ESCs) (Sampath
et al., 2008). An interesting, recent study
by Morrison and colleagues (Signer
et al., 2014) extends the realm of protein
synthesis to the adult hematopoietic
stem cell compartment in mice. They pro-
vide a detailed quantitative analysis of
protein synthesis within all major cell line-
ages in the hematopoietic compartment,
revealing that protein production in
hematopoietic stem cells (HSCs) andmul-
tipotent progenitors (MPPs) is markedly
lower compared to that of other hemato-
poietic cell types. Moreover, tightly
controlled protein synthesis appears to
be critical for HSC function and serves
as an important tumor suppressive
mechanism.
Methods for precisely measuring pro-
tein synthesis rates in vivo have been diffi-cult to achieve. A new fluorogenic assay
using an alkyne analog of puromycin, O-
propargyl-puromycin (OP-Puro), devel-
oped by the Salic lab (Liu et al., 2012),
can be injected into mice where it is taken
up by cells and incorporated into nascent
polypeptides. This method can therefore
quantify protein synthesis in individual
cells. By employing OP-Puro, Signer
et al. find that the amount of protein syn-
thesized in HSCs in vivo is reduced
compared to most other hematopoietic
progenitors, including common myeloid
progenitors (CMPs), granulocyte-macro-
phages (GMPs), and more differentiated
cell types. A decrease in protein synthesis
in HSCs is not entirely unexpected
considering that more than 95% of these
cells are in a quiescent state. Neverthe-
less, one of the most intriguing aspects
of the Signer et al. study (Signer et al.,
2014) is that reduction in the amount of
proteins synthesized in HSCs appears to
occur independently from cell cycle sta-
tus, cell size, ribosomal RNA (rRNA), or
total RNA content. Moreover, even forced
entry into the cell cycle does not appear to
revert this shutdown of protein synthesis.
These studies however do not exclude the
possibility that a shutdown in protein
synthesis is simply a reflection of HSC
quiescence compared to other progenitor
lineages. Indeed, a dormant, quiescent
phenotype may not be merely associated
with a specific cell cycle status, but also
with other key determinants, such as
lower exposure to oxygen and different
metabolic programs, which are unique
to HSCs compared to more com-
mitted progenitors. By extension, a similar
dramatic shutdown in protein synthesis
occurs when cells undergo cellular
senescence.Cell Stem CeMorrison and colleagues next tested
how reducing protein synthesis even
further in HSCs would impact on their
function. A ribosomal protein (RP) loss-
of-function mouse mutant, Rpl24Bst/+,
was previously shown to display an over-
all 30% decrease in the rates of protein
synthesis that, similar to Drosophila RP
minute mutations, produces a smaller,
yet largely physiologically normal adult
mouse (Barna et al., 2008) (Figure 1).
Signer et al. (Signer et al., 2014) examine
the potential of Rpl24Bst/+ HSCs to recon-
stitute the bonemarrow compartment of a
lethally irradiated mouse. Consistent with
the observation that a delicate balance in
protein production may be required for
HSC function, an even further decrease
in protein synthesis in Rpl24Bst/+HSCs re-
sults in a cell-autonomous reconstitution
defect and impaired proliferative poten-
tial. Importantly, these effects are inde-
pendent of p53 activation, known to be
elicited downstream of some ribosomal
defects.
The Rpl24Bst/+ mouse was previously
established as an important genetic tool
to restore aberrant increases in protein
synthesis downstream of oncogenic
signaling to normal levels and was shown
to suppress cancer formation down-
stream of Myc and PI3K-Akt-mTOR hy-
peractivation in B and T cell progenitors
(Barna et al., 2008; Hsieh et al., 2010)
(Figure 1). These oncogenic pathways
stimulate increases in protein synthesis
by directly regulating the expression and
activity of ribosome components and
translation factors. Signer et al. similarly
show that deletion of Pten, a critical
negative regulator of PI3K-Akt-mTOR
signaling, within HSCs leads to hyper-
activation of protein synthesis, which isll 14, April 3, 2014 ª2014 Elsevier Inc. 423
Figure 1. Impact of Protein Synthesis in Progenitor Cells and Downstream Oncogenic
Pathways
The Rpl24Bst/+ mouse is an important genetic tool to restore aberrant increases in protein synthesis
downstream of oncogenic signaling in progenitor cells to normal levels. This reduction can suppress
cancer formation downstream of Myc and PI3K-Akt-mTOR hyperactivation in B and T cell progenitors.
Importantly, Signer et al. further show that restoring normal protein synthesis downstream loss of PTEN
rescues HSC function and leukemogenesis. GOF, gain of function; LOF, loss of function.
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Rpl24Bst/+ background (Figure 1). Deletion
of Pten has been shown to deplete HSCs
and promote leukemogenesis. Strikingly,
blocking increases in protein synthesis in
a Pten-deficient background restores, to
a large extent, normal HSC function
and suppresses leukemogenesis. These
findings suggest that a delicate balance
in protein synthesis serves a vital role for
HSC function and tumor suppression.
Overall, the Signer et al. study reveals
an exquisite layer of control in protein syn-
thesis within the hematopoietic stem cell
compartment. However, the intrinsic or
extrinsic mechanisms responsible for
low rates of protein production in HSCs
as well as MPPs remain undetermined.
Deletion of a critical component of the
mTORC1 complex, Raptor, which con-
trols the phosphorylation of key transla-
tion initiation components such as
4EBP1 (a negative regulator of eIF4E)
and RPS6K, is known to play a critical
role in HSC regeneration and leukemo-
genesis (Kalaitzidis et al., 2012). In the
current study, Signer et al. show that
HSCs and MPPs display a reduction
in 4EBP1 phosphorylation compared
to other hematopoietic cells. Together,424 Cell Stem Cell 14, April 3, 2014 ª2014 Elthese findings hint at the possibility
that regulation of cap-dependent transla-
tion initiation itself may be the critical
mode for shutting down protein produc-
tion in HSCs.
Importantly, it is not clear why HSCs
require lower rates of protein synthesis
for proper function. Imperative to this
question is whether dampened protein
synthesis simply reflects the general
shutdown of gene expression at many
levels associated with a quiescent pro-
gram. For example, the differentiation of
ESCs into more committed progenitors
induces an anabolic switch with global
increases in transcript abundance as
well as protein synthesis and increased
ribosomal loading of transcripts (Sam-
path et al., 2008).
How might the findings of Signer et al.
more broadly extend to other stem cell
compartments where translation control
is known to be important? Intriguingly,
Drosophila ovarian stem cells show
increased, higher rates of rRNA synthesis
relative to their immediate progeny
(Zhang et al., 2014). This is linked to highly
specific changes in the expression of a
subset of proteins, such as those in
the bone morphogenic protein (BMP)sevier Inc.pathway, which affect proliferation and
cell fate decisions. Thus, perceived global
changes in protein synthesis or ribosome
biogenesis may have more select out-
comes on stem cell lineages and transla-
tion of key mRNAs. Unraveling whether
select transcripts are similarly influenced
by global changes in protein synthesis in
HSCs quantified by Signer et al. will be
an exciting future direction. The answers
to these questions will also be critical to
advance our understanding of human dis-
orders known as ‘‘ribosomopathies’’
(McCann and Baserga, 2013), where
mutations in components of the ribosome
are associated with hematopoietic dys-
function, including perturbations in
HSC function, and increased cancer
susceptibility.
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